ABSTRACT. Bacterial translocation occurs when viable bacteria pass through the mucosa of the gastrointestinal tract to the mesenteric lymph nodes (MLN) and other organs. The ability of a diet containing 1% culture condensate of Bifidobacterium longum (MB) to inhibit bacterial translocation from the gastrointestinal tract was tested using antibiotic-decontaminated specific-pathogen-free (SPF) mice and germ-free mice, both of which were monoassociated with Escherichia coli C25. Feeding of MB diet decreased the number of E.coli C25 translocating to MLN to about half the number of the control diet group, but did not reduce the incidence of translocation to MLN. MB diet ingestion also decreased the number of E.coli C25 translocating to MLN in the SPF mice injected with zymosan, but it could not prevent bacteria translocation in mice receiving a 30 % thermal injury. -KEY WORDS : bacterial translocation, Bifidobacterium, mouse, thermal injury, zymosan.
No.7, originally isolated from humans, used in this experiment was prepared by Meiji Milk Products Co., Ltd., as follows: B. longum strain No. 7 was cultured for 12 hr under pH control (pH 7.2) in a liquid medium containing enzymatically hydrolyzed casein (3.0%), lactose (4.0%), and yeast extract (0.5%); thereafter, the culture, containing viable count of more than 1 × 10 9 cfu/ml, was concentrated 10-fold in solid content by vacuum-evaporation. Viable counts after evaporation were less than the detection limit (1 × 10 4 cfu/ml). The composition of MB was 19.2% protein, 10.9% lactose, 6.4% acetic acid, 6.5% lactic acid, 12.8% ash, 6.5% galactose, 6.0% others, and 31.7% water [11] .
Animals: Seventy six specific pathogen-free (SPF) male SLC: ICR mice (Japan SLC, Co., Ltd., Hamamatsu, Japan) aged 4 weeks, and 18 germ-free (GF) ICR mice, 4-6 weeks old, were used in these experiments. The SPF mice were housed in autoclaved metal cages in a filter rack, the GF ICR mice were housed in Trexler-type vinyl isolators. The isolators were sterilized with a 2% peracetic acid solution and metal cages containing wood shavings and water were introduced into the isolators after sterilization in an autoclave at 121°C for 1 hr. Mice were divided into two groups in each experiment. One of the groups was fed a basal standard diet (CMF, Oriental Yeast Co., Ltd., Tokyo, Japan) as a control group, and the other group was fed CMF with MB (1 g/100 g of CMF) as the MB group. These diets were sterilized by gamma-irradiation at 50 kGy. All mice were given diet and water ad libitum for 4 weeks until the end of the experiments.
Thermal Injury (scalding): The procedures to produce thermal injuries on mice were based on those described by Maejima et al. [20] . Mice were anesthetized with thiopental sodium (50/kg body weight) intraperitoneally. Hair was removed from both the back and abdomen, and the mouse was placed in a plastic holder containing a 3.0 × 4.5-sq. cm opening to allow exposure of the skin to thermal injury.
Bacterial translocation (BTL) is defined as the passage of viable bacteria from the gastrointestinal tract through the mucosal epithelium to other sites, such as the mesenteric lymph nodes (MLN), spleen, liver and blood. This process is stimulated by altered permeability of intestinal epithelia, abnormally increased population levels of intestinal bacteria, and decreased host immune defenses [3] . Although there are many reports on the stimulation of BTL, only a few reports on the inhibition of BTL have been published. These report that injection of Propionibacterium acnes [6] , oral administration of Saccharomyces boulardii [4] or bulking fiber to rats fed total parenteral nutrition [25] reduced BTL from the gastrointestinal tract to MLN.
Oral administration of Bifidobacterium balances the intestinal flora and controls bacterial metabolism in the intestines of animals including humans [1, 7, 15] . It has also been reported that treatment with Bifidobacterium stimulates the nonspecific immune function [23, 27] , and Fujisawa et al. [11] have reported that an administration of a culture condensate of Bifidobacterium longum (MB) increased the enzyme activity of intestinal epithelial cells and controlled the intestinal flora in rats.
The purpose of this study was to investigate the ability of MB diet to inhibit BTL induced by abnormal overgrowth of intestinal bacteria, thermal injury [20] , and zymosan injection [9] , which are known to promote BTL, in Escherichia coli C25 monoassociated mice.
MATERIALS AND METHODS

Preparation of a culture condensate of Bifidobacterium longum(MB):
The culture condensate (Meiji Bifidobacterium: MB) of Bifidobacterium longum strain The skin was immersed in boiling water (100°C) for 4 sec on the back and for 2 sec on the abdomen. The mice receiving thermal injuries were injected intraperitoneally with 1 ml of sterile saline to prevent shock. Control mice also were only anesthetized with thiopental sodium.
Zymosan Injection: Zymosan (Sigma, St. Louis, U.S.A.) was dissolved in normal saline and injected intraperitoneally at a dose of 0.1 mg/g body weight.
Antibiotic decontamination and oral challenge with E. coli C25: Decontamination of intestinal bacteria was carried out according to the method described by Berg [2] . The SPF mice were given 2 mg/ml of streptomycin sulfate (Sigma) and 1,500 UI/ml of penicillin-G (Sigma) in drinking water for 3 days from 3 weeks after they started to ingest CMF or CMF with MB. These antibiotic-decontaminated mice were orally inoculated with 0.5 ml (10 8 -10 9 cells) of an overnight culture of streptomycin-resistant E. coli C25 [2] , originally isolated from the feces of a healthy human in a brain-heart infusion (BHI; Difco Laboratories, Detroit, U.S.A.). After inoculation of E. coli C25, the mice were given only streptomycin sulfate in their drinking water.
Translocation of E. coli C25: Four days after oral inoculation with E. coli C25, SPF mice underwent thermal injury and zymosan (Sigma) injection. The mice were sacrificed one day after the thermal injury and zymosan injection, and translocation of E. coli C25 to the peritoneal cavity and MLN was tested. GF mice were inoculated with E. coli C25 after being fed CMF with MB for 3 weeks. Four days after inoculation with E. coli C25, the mice were sacrificed and swabs of the peritoneal cavity and MLN were cultured for viable E. coli C25.
Mice were sacrificed by cervical dislocation. An incision was then made with sterile instruments through the skin and peritoneum of the abdomen. The exposed viscera were swabbed with sterile cotton tipped applicator sticks, which were then cultured aerobically at 37°C for 24 hr in BHI broth to detect E. coli C25 translocating into the peritoneal cavity. The MLN of each mouse was removed aseptically, homogenized in 0.5 ml of BHI broth with a glass homogenizer, and 0.2 ml of MLN homogenate was then cultured on DHL agar (Nissui, Tokyo, Japan) containing 1 mg of streptomycin sulfate per ml. Ceca removed were weighed, homogenized in 9 ml of BHI broth with a glass homogenizer, and diluted serially in phosphate-buffered saline (pH 7.0). The cecal dilutions were cultured on DHL agar containing 1 mg of streptomycin sulfate per ml. The plates were incubated aerobically for 24 hr at 37°C. The numbers of viable E. coli C25 were determined per whole MLN or per gram of cecum.
Statistical Analysis: The incidences of translocation and mortality in groups of mice were compared using the chisquare test. Student-t test was used to evaluate differences in the numbers of bacteria in the cecum and MLN among the mouse groups.
RESULTS
In SPF mice, there were no significant differences in the mortality rate and the incidence of BTL of E. coli to the peritoneal cavity in both scalded and non-scalded mice between the MB diet group and the control diet group (Tables 1 and 2 ). In non-scalded mice, the number of E. coli C25 translocated from the gastrointestinal tract to the MLN were significantly lower in the MB group than in the control diet group (Table 3) . However, in scalded mice, there was no difference in the numbers of the translocated E. coli C25 in the MLN between the MB diet group and the control. The numbers of E. coli C25 in the cecum were more than 10 9 cfu/g of the cecum in all mouse groups.
No mice died after injection of zymosan at a dose of 0.1 mg/g body weight. Zymosan-induced bacterial translocation into the peritoneal cavity and MLN is shown in Tables 4  and 5 . The numbers of E. coli C25 translocating to MLN were suppressed significantly in the MB diet group of both control mice and zymosan-injected mice although there was no significant difference in the number of E. coli C25 in the cecum between the MB diet group and control diet group.
To confirm the inhibition of BTL with MB diet under an abnormally high population level of E. coli in the intestine, germ-free mice were orally inoculated with E. coli C25. In E. coli C25 mice monoassociated mice, less E. coli C25 translocated to the MLN of the mice given MB diet than There were no significant differences in each experiment between the MB diet group and the control diet group. a) No. died/no. tested (positive %). those given control diet (Table 6 ).
DISCUSSION
In the present study, MB diet inhibited E. coli C25 translocation from the gastrointestinal tract to MLN under abnormally high population levels of bacteria in germ-free mice and SPF mice decontaminated with antibiotics. Although MB diet affected the microbial composition and physiological conditions of intestinal epithelial cells [11, 16] , the relationship between these alterations of the epithelial cells after MB ingestion and BTL inhibition is not clear.
In mice receiving 30 % scalding with and without MB diet, the numbers of E. coli C25 translocating to the MLN increased when compared with mice not receiving scalding. However, there was no statistical difference between the MB diet group and control diet group in mortality rate and the incidence of E. coli C25 translocation into the peritoneal cavity. It has been reported that thermal injury leads to dysfunction of the gut barrier, e.g. a reduction of biliary IgA [13] , mesenteric vasoconstriction with gut mucosal atrophy [14, 18] , generation of oxygen free radicals [19] , inceases in blood corticosterone levels [17] , depression of lymphocytes [10] , and increase in the adsorption of endotoxins which modulate immunological responses [8] . Maejima et al. [20] hypothesized that translocated bacteria are eliminated by the host immune defense mechanisms in normal healthy mice, although indigenous bacteria continuously cross the mucosal barrier. A high level of (18) a) Mean ± SD of viable bacteria/MLN (no. of mice tested). All mice tested were positive for E. coli C25. b) Mean ± SD of log 10 count/g-cecum (no. of mice tested). *, ** Significantly different from the value of the control diet group at p<0.05 (*) and p<0.01 (**).
BTL from the gastrointestinal tract to the MLN after thermal injury may be the result of a combination of dysfunction of the immunological defense system and damage to the physiological barrier of the intestinal epithelial cells. After such a serious alteration to host defense mechanisms, feeding with the MB diet seemed to be unable to inhibit BTL from the gastrointestinal tract to the MLN. The MB diet did however provide protection against zymosan-induced BTL from the gastrointestinal tract to MLN. Zymosan, which is the major component of the cell wall of the yeast, Saccharomyces cerevisiae, is an inflammatory agent which activates complement, and consequently induces a systemic inflammatory response [12] . Mainous et al. [22] and Deitch et al. [9] reported that BTL induced by a nonlethal dose of zymosan is related to gut mucosal injury associated with xanthine oxidase activation. Mainous et al. [22] also reported that the administration of the xanthine oxidase inhibitor, allopurinol, and the cyclooxygenase inhibitor, ibuprofen, protected against BTL in a zymosan-induced model. Inhibition of BTL by the MB diet may be related to a reduction of mucosal damage.
Immunological activation by the MB diet is one possibility for the inhibition of BTL. There are many reports on the effects of lactic acid bacteria concerning non-specific stimulation of the defense mechanism after oral administration [24] . Yamazaki et al. [27] also reported that B. longum monoassociated mice exhibited beneficial effects with respect to specific and non-specific immunological defense reactions. However, Yamazaki et al. [26] reported that antibacterial activity against E. coli administered into the stomach at a high dose was not observed in germ-free mice fed heat-killed B. longum.
Berg [3] suggested that abnormally high cecal population levels of indigenous bacteria overwhelm the anatomical or immunological barrier to BTL induced by exposure of conventional mice throughout life to antigens of indigenous intestinal flora, since there were no differences in the incidence of BTL in MLN between E. coli monoassociated germ-free mice and antibiotic-decontaminated SPF mice inoculated with E. coli in spite of the fact that antibioticdecontaminated SPF mice possess a much thicker lamina propria, greater numbers of lymphocytes and more IgAproducing cells than germ-free mice. It appears unlikely that the inhibition of BTL by MB ingestion might be related to the stimulation of "normal" anatomical and immunological barrier present in conventional mice.
We cannot draw any conclusions about the mechanism of suppression of BTL by MB feeding from our results. Further studies should be performed the beneficial effect of the MB diet on the inhibition of BTL and to determine the effective components of MB.
